INTRODUCTION {#sec1-1}
============

Water can be found everywhere in nature in each three states (solid, liquid, and gaseous). Liquid water is participant in many different manufacturing processes including pharmaceutical processes. Base of liquid dosage forms is almost exclusively water, but it can be found in half-solid dosage forms, such as hydrophilic ointments, as well. In the case of solid dosage forms usually it is essential to keep the water content low, because it could harmfully affect the physico-chemical, chemical, and microbiological stability of product. However, manufacturing processes often involve the use of water (e.g., wet granulation, spray-drying, coating processes, etc.), but most of them have to be removed in later steps of manufacturing.

Most common dosage form is the tablet, where largest part of the total weight is frequently composed of different excipients. Therefore, it is of impact to analyse the interaction of water molecules with excipients and the possible outcomes of these interactions.

Pharmaceutical excipients can be classified into two large categories based on their molecular order. The main categories are the crystalline, the amorphous and their mixture, the semi-crystalline or partially amorphous state. The amorphous state has gained considerable attention in pharmaceutical industry because in this state the material is thermodynamically unstable, and characterised by its unique physico-chemical features reviewed by several articles.\[[@ref1]--[@ref4]\] Unlike to crystalline solids, an amorphous solid may have only a short-range molecular order, and it has no long-range order of molecular packing like in the crystalline state.\[[@ref3]\] Since the molecules or clusters of molecules are randomly arranged, they occupy the volume in larger extent than that of the crystalline state having the same chemical composition. The excess volume (the so-called free volume) that is available for rotational and translational motions can be considered as microvoids inside the polymer domain.\[[@ref1]\]

One of the most important parameter of an amorphous material is its glass transition temperature (T~g~). Under the glass transition temperature an amorphous solid is in the glassy state where rotational or translational motions of the molecules are restricted and only vibration is possible.\[[@ref5]\] By heating the solid over its T~g~ value large scale molecular movements are allowed and the glassy-to-rubbery transition occurs. In this state the material has liquid-like structural characteristics but of very high viscosity.\[[@ref2]\]

The amorphous state commonly occurs with high molecular weight pharmaceutical excipients and large peptides and proteins, but it can be found in the case of small organic or inorganic molecules, as well.\[[@ref2]\] However, in the latter case crystallization can easily take place due to the heating of the system or water vapour absorption.\[[@ref6]\] Amorphous solids are in not-equilibrium state therefore some pharmaceutical excipients have the property to exist persistently in amorphous form, while others require careful usage to prevent crystalline transition.\[[@ref3]\]

In the light of excipient-water interactions amorphous or partially amorphous hydrophilic polymers are the most important materials. In fact, Hodge *et al*. investigated the semi crystalline poly (vinyl alcohol) samples and showed that water first encountered with the amorphous region of the material and the crystalline region was only affected by the amorphous/crystalline interface if excess water was available.\[[@ref7]\] In contrast to the hydrophilic polymers, hydrophobic polymers sorb only low amount of moisture from the environment therefore serious changes cannot be expected.\[[@ref8]\]

The importance of amorphous state in the case of water vapour sorption can be pointed out by the example of various sugar-based materials that are widely used in the pharmaceutical industry. Crystalline sugars can interact with water vapour by adsorption and deliquescence mechanisms, because the predominant interaction in this case is the surface adsorption by weak interaction forces. If the relative humidity reaches a critical value one can experience the phenomenon of deliquescence when sugar molecules start to dissolve at the surface. On the other hand amorphous sugars have a tendency to absorb large amount of water molecules. This is due to the fact that water molecules are absorbed into the bulk structure of amorphous materials, rather than being restricted on the surface of individual particles. This water absorption is the cause of the marked changes in the physicochemical properties of amorphous sugars, since in this case every sugar molecule is affected by interaction with water molecules.\[[@ref9]\]

A number of excipients used in the pharmaceutical industry are amorphous or partially amorphous hydrophilic polymers. These materials owing to its polar functional groups are able to sorb (adsorb and absorb) large amount of water that can affect their functionalities.\[[@ref10]\] The interaction of water with amorphous solids lowers the glass transition temperature due to its universal plasticizing activity. The underlying molecular mechanisms may involve the binding of water molecules to the polar groups of the materials, that weaken the attracting forces between the polymer chains consequently it can increase the free volume \[[Figure 1](#F1){ref-type="fig"}\]. Water molecules penetrate into the hydrophilic polymer matrix, the distance between the polymer chains will increase and thus more free volume will be available for molecular movements.\[[@ref1]\] In some cases, at higher water contents, the glass transition temperature of an excipient can decrease to room temperature and the material undergoes glassy-to-rubbery transition causing significant changes in their properties, such as increased reactivity and reduced chemical stability.\[[@ref11]\]

![Possible effect of water sorption on the free volume of polymer materials](IJPI-2-18-g001){#F1}

Dlubeck *et al*. investigated plasticized polyamide 6 samples as a function of water content and temperature by positron annihilation lifetime spectroscopy (PALS).\[[@ref12]\] PALS is a unique method, which is able to measure free volume of polymers and other materials assuming spherical microholes (free volumes) in materials. It was found that the free volume of polyamide 6 decreased at low water contents compared to the initial (dry) free volume value and it was followed by an increase in the free volume at high water contents. This behaviour explained by the filling of the holes with water molecules at low water contents (initial stage of water sorption). At higher moisture contents water molecules weakened the hydrogen bonds between polymer chains and it led to the plasticization of the material and the increased the free volume.\[[@ref12]\]

MEASUREMENT TECHNIQUES {#sec1-2}
======================

Water sorption experiments {#sec2-1}
--------------------------

There are several methods that could characterize water-excipient interactions, such as inverse gas chromatography,\[[@ref13]\] NMR spectroscopy,\[[@ref14]\] dielectric relaxation spectroscopy,\[[@ref15]\] near infrared spectroscopy,\[[@ref16]\] etc. Water induced crystallization can be followed by X-ray diffraction measurements.\[[@ref17]\]

A conventional method is the determination of the amount of sorbed water of materials as a function of environmental water activity (in practice, relative pressure, or relative humidity). Water sorption isotherms can be constructed by plotting the mass of sorbed water per unit mass of dry solid versus the relative pressure of water vapour (P/P~0~) or the relative humidity (100(P/P~0~)), where P~0~ is the vapour pressure of liquid water.\[[@ref18]\]

Cellulose- and starch-based excipients are the most widely investigated materials by means of water sorption isotherms in the pharmaceutical field. The sorption-desorption curves of these excipients always show hysteresis, i.e., smaller amount of moisture leaves the material at a given relative humidity during desorption than it could be expected based on its sorption isotherm. The explanation of this phenomenon can be associated with the conformational change of the polymeric chains during water sorption, since water, penetrating into the structure of polymers, could alter the systems of inter- and intramolecular bonds. The shape of water sorption isotherms in the case of cellulose- and starch-based excipients was sigmoid, indicating the suitability of the use of equations developed for describing the physical adsorption of gases.\[[@ref18]\]

Although the mechanisms of the water vapour absorption of amorphous materials greatly differ from the physical adsorption of gases on solid surfaces, due to the similarity of the shape of sorption isotherms, the well-known Brunauer--Emmett--Teller (BET) equation was successfully applied for the evaluation of the nature of the water vapour absorption.\[[@ref19]\]

The Brunauer-Emmett-Teller (BET) equation:
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Where W is the weight of sorbed water per unit mass of dry solid at a relative pressure of P/P~0~; P is the actual vapour pressure; P~0~ is the vapour pressure of liquid water; W~M~ is the water content corresponding to one water molecule per sorption site; C~B~ is a constant related to thermodynamical data of the system. The BET model assumes water sorption in two distinct thermodynamical states, where water molecules exist in a strongly bound state and as multilayer water similar to bulk water. Water sorption data of cellulose- and starch-based materials follow the BET equation only up to 0.3-0.4 relative pressure.\[[@ref18]\] However this relative pressure range is sufficient to obtain the constants, W~M~ and C~B~, and to gain some information about water vapour sorption.

Zhang and Zografi investigated the water sorption isotherms of poly (vinyl pyrrolidone) (PVP) excipients of different molecular weights and they found that despite the significant differences between the values of calculated constant, C~B~, the shape of the isotherms and the BET-parameter W~M~ were very similar. The obtained results indicated that W~M~ referred to the available hydration sites, whereas C~B~ gave information about the overall free energy of absorption that could be varied with molecular weight of excipients.\[[@ref19]\]

In the case of dried proteins it was observed, that its stability decreased if its water content exceed the monolayer value, because high water content allowed enhanced flexibility of macromolecules and increased the molecular mobility. On the other hand, if the water content of proteins was low enough it could also cause instability problems. Therefore, it seems to be favourable to keep water content of proteins at an intermediate level (near the monolayer value) to obtain satisfactory stability data.\[[@ref20][@ref21]\]

The GAB equation, developed by Guggenheim, Anderson and de Boer, could also provide the monolayer water sorption values (W~M~) and usually cover the water sorption data over the entire range of relative humidity, but minimum up to 80% RH.\[[@ref22]\] The GAB model assumes three state of water; i.e. free, tightly bound and intermediate water.

The GAB equation:
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where W and W~M~ are the same as in the BET equation, C~G~ and K are constants. The disadvantage of this equation is that the conformity of all constant to physical meanings is hardly possible.\[[@ref18]\]

Roškar and Kmetec investigated the water sorption of several excipients (e.g. microcrystalline cellulose, crospovidone, copolividonum, magnesium stearate) using the BET and the GAB equations. They found that the experimental water sorption data were in good agreement with the BET model up to 55% RH and with the GAB model over the entire humidity range. The calculated W~M~ values of water sorption of the excipients were similar in the case of both models, and the high values of these constants indicated that more than one layer of water molecules sorbed on some excipients. Particularly, in the case of crospovidone and copolividonum, where the W~M~ values were high and these excipients were also very hygroscopic.\[[@ref23]\]

Differential scanning calorimetry {#sec2-2}
---------------------------------

In the case of polymeric materials the states of absorbed water are often characterized by differential scanning calorimetry (DSC). With DSC method three states of water was successfully identified by many experiments. States of water based on DSC measurements are the followings: (1) free water (FW), which undergoes similar phase transition near 0°C during heating (or freezing) as liquid water; (2) freezable bound water (FBW), which, due to the interaction with the polymer chains and/or capillary effects in the microholes of the polymer, undergoes phase transition at different temperature like liquid water; and (3) non-freezing (strongly) bound water (NBW), which does not undergo phase transition during the DSC experiments. The NBW is in direct contact with polar groups of polymers therefore it is unable to form ice crystals during freezing. The NBW is undetectable by the DSC method however its amount can be calculated if the total water content and the amount of FBW and FW are known.\[[@ref7]\]

Hodge *et al*. investigating poly (vinyl alcohol) samples of different water contents found three states of water by DSC experiments. Up to 22% water content there was no detectable phase transition due to water molecules. Over 22% water content a sharp peak showed up with increasing intensity up to 28% water. At higher water contents a broad peak appeared with continuously increasing intensity. The sharp peak was associated with the phase transition of FBW. The sharpness of the peak was due to the interaction of water molecules with polymer chains and to capillary effects. In this state water molecules have a determined range of energetic states. The broad peak at higher water contents was due to the phase transition of free water. Subtracting the amount of FBW and FW from the total water content of a sample the amount of non-freezing water could be estimated using DSC measurements. Three states of water have also been observed by several researchers using differential scanning calorimetry investigating various polymers.\[[@ref14][@ref24]--[@ref26]\]

Guan *et al*. investigated various polymers containing water using DSC and infrared spectroscopy. They found two endothermic DSC peaks in the case of each polymer associated with the freezing of freezable bound water (at lower temperatures) and freezing of free water (around 0°C). The peaks at low temperatures were hardly observable in the case of some polymers therefore an isothermal treatment was carried out on these samples. At the isothermal treatment samples were kept a little above the transition temperature of its freezable bound water for a predetermined interval. During the time of the isothermal treatment more freezable bound water (FBW) was able to interact with the surrounding water molecules forming ice crystals than without the treatment since the structure and the amount of freezable bound water is not permanent and depends on the thermal history. In the case of one investigated polymer the researchers observed that the freezing temperature of FBW shifted to higher values after the isothermal treatment indicating that the small peak was due to the transition of the FBW.\[[@ref27]\]

Fourier transform infrared investigations {#sec2-3}
-----------------------------------------

The Fourier transform infrared (FTIR) spectroscopy is a useful method to investigate the states of water in polymers. Compared to the DSC and water sorption experiments it could offer substantially more information, since it provides an insight into the chemical structure of the investigated materials and after assignment of the infrared absorption bands to functional groups of polymers it is possible to determine the groups that are mainly affected by water molecules.\[[@ref28]\]

Ping *et al*. investigated hydrophilic polymers of different water contents by DSC and FTIR methods. According to the DSC curves they found that the maximal amount of non-freezing bound water (NBW) of the polymers was dependent on its polar functional groups. For example, in the case of poly (vinyl pyrrolidone) four water molecules existed as NBW per C=O groups indicating that one C=O group can strongly interact with water molecules in two layers because one C=O group have only two acceptor sites for hydrogen-bonding.\[[@ref8]\]

For investigating water molecules of polymers the 3800-2900 cm^-1^ infrared region is the most suitable, because water molecules have strong absorption in this region due to its stretching vibrations. However the polymer molecules often also have infrared (IR) absorption in this region, therefore difference spectra could be more informative for water molecules as the original ones. To construct the difference spectra the normalized spectrum of dry sample has to be subtracted from the normalized spectra of the wetted samples. The shape of the difference spectra in the 3800-2900 cm^-1^ region will be characteristic of the water molecules in the polymer. Differences between the thicknesses of samples could be taken into account with spectra normalization.

Ping *et al*. investigated poly (vinyl alcohol) (PVA) samples of different water contents by FTIR spectroscopy and evaluated the difference spectra. They found that the 3800-2900 cm^-1^ region markedly differed from the spectrum of liquid water, because system of hydrogen-bonds of water molecules changed due to their interaction with the polymer. The band intensities in this region increased with increasing water content of the samples. In this region two distinct, overlapping bands were seen at nearly fixed wavenumber values but with different intensities according to the actual water contents of the samples. The peak at lower wavenumber, 3280 cm^-1^, was more intense up to 20% water content but at higher water contents the peak at 3400 cm^-1^ was more pronounced.\[[@ref8]\] Based on this observation, water molecules of the polymer could be classified into two main categories; strongly hydrogen-bonded and water molecules of bulk (free) water. The strongly hydrogen-bonded water molecules appeared in the lower wavenumber region, because the interactions with polar groups of the polymer caused shift in the infrared absorption of water molecules to the lower wavenumbers. The changes in the relative intensities of the two distinct peaks of water molecules indicated that the ratio of strongly hydrogen-bonded water molecules moved to free water as the water content increased due to the saturation of strong binding sites of PVA.

The broad band of stretching vibrations of water in the difference spectra can be further evaluated by deconvoluting (other words decomposing) this region into components using curve fitting algorithms. After deconvolution the components could be assigned to water molecules of different strength of hydrogen-bonds, because in the reality water molecules exist in many different states \[[Figure 2](#F2){ref-type="fig"}\]. Lasagabaster *et al*. investigated stretching vibrations of water molecules absorbed by polypropylene (PP)/ethylene-alcohol vinyl (EVOH) films based on difference spectra. They deconvoluted the water stretching region into four components assume Gaussian-shape of the individual components. According to the wavenumber values of the components they classified water molecules into categories: non hydrogen-bonded, weakly hydrogen-bonded, medium hydrogen bonded and strongly hydrogen-bonded.\[[@ref29]\] According to other experiments, there exist some water molecules even in the liquid water, which are not hydrogen-bonded based on IR spectral data.\[[@ref30]\] The medium hydrogen-bonded water molecules were attributed to the second hydration layer in the case of PP/EVOH films and the strongly hydrogen bonded molecules (deconvoluted component at the lowest wavenumber) to water molecules attached directly by polymer chains.\[[@ref29]\] Consequently, the band deconvolution could provide abundant information about water molecules hydrogen-bonded of different strengths, however the interpretation of data is more difficult compared to the DSC results due to the complex nature of an infrared spectrum, which is not detailed here.

![Possible association of water with the polymer molecules; (a) water molecules strongly attached to the polar groups of the polymer chains by hydrogen-bonds in two layers; (b) microscopic voids inside the polymer filled with excess water; (c) individual water molecules attached to the non-polar region of the polymer by weak interaction forces](IJPI-2-18-g004){#F2}

Other authors investigated water absorption of epoxy matrices and they also deconvoluted the stretching vibrations of water into four components to obtain the individual spectra of water molecules of different hydrogen-bonds.\[[@ref31]\] They found that plotting the intensity of the components versus relative humidity the ratio of weakly hydrogen-bonded molecules increased with increasing water contents. This result were in accordance with the expectation that with increasing water content the ratio of weakly hydrogen bonded water molecules increase compared to the strongly hydrogen-bonded ones due to the saturation of the polar groups of the epoxy samples.

Olsson and Salmen investigated water absorption of cellulose based-materials. They recorded IR spectra of samples kept at 80% RH for each 10% RH for 60 minutes to water absorption. Two distinct peaks, at 3600 and 3200 cm^-1^ were observed on the difference spectra of the samples of different water contents. Surprisingly, the same relative peak heights were found in the case of each sample suggesting that weakly hydrogen-bonded and strongly hydrogen-bonded water molecules were present in similar amount even at low water contents. This result is contradictory to the model based on DSC results, where, in the case of hydrophilic polymers, the presence of strongly bounded water molecules is supposed at low water contents and freezable bound water appears only with increasing water contents which is followed by the free water. In the FT-IR experiments the evolving of the two peaks with same relative heights indicated water absorption by clusters, where water clusters adhere simultaneously to all binding sites of the polymer even at low water contents\[[@ref32]\] \[[Figure 3](#F3){ref-type="fig"}\]. Similar discrepancies were found by other authors, too.\[[@ref29]\] There is a lack of a proper physical model that is able to explain all findings observed by water sorption method, DSC and FTIR spectroscopy.

![Possible mechanisms of water vapour absorption into hydrophilic amorphous polymers at the initial stage of water absorption; (a) water attached by clusters of molecules to polymer chains simultaneously absorbing to binding sites of different strengths; (b) water molecules first bounded to the strongest binding sites of the polymer chains](IJPI-2-18-g005){#F3}

EFFECTS OF WATER ON THE PROPERTIES OF DOSAGE FORMS {#sec1-3}
==================================================

It is well-known that moisture sorption of solid dosage forms can affect its chemical, physico-chemical and microbial stability. One of the most important issues is the chemical stability of the active pharmaceutical ingredient (API) of the final dosage form. Absorbed water could initiate the chemical degradation of the API by different mechanisms. The amorphous state is of impact in this field, because an amorphous solid is able to absorb large amount of water to its bulk structure, and usually the degradation rate of an API is dependent on the water content. In addition to this, several researchers showed that the reactivity of an amorphous substance is greater than its crystalline equivalent under identical conditions.\[[@ref33]\]

Shalaev and Zografi detailed four possible mechanisms that can be responsible for the degradation activity of water:\[[@ref33]\] (1) water could be a direct participant in several degradation reactions of drugs (e.g., hydrolytic reactions), therefore its concentration could largely affect the stability of the final product; (2) it could be a product of specific reactions, in this case its increasing amount could inhibit the progress of these reactions; (3) the water dissolved in the amorphous matrix could be also the medium of reactions by changing the polarity and the reactivity of the surrounding molecules; (4) finally, water acts as a plasticizer which could significantly reduce the glass transition temperature, and increase the molecular mobility and the free volume of the system. On the other hand, effects of water are not independent therefore it is difficult to distinguish its role as reactant, medium of reactions, and plasticizer in degradation processes.\[[@ref34]\]

Lai *et al*. investigated the effect of sorbed water and glass transition temperature on deamidation of an asparagine-containing hexapeptide lyophilized with PVP. Glycerol was added to the mixture in different extents to modifiy the glass transition temperature of the system containing a given amount of water. Therefore, it was possible to make samples of similar water contents but different glass transition temperatures (T~g~) and samples of similar T~g~ values but different water contents. The stability testing was performed at 50°C and due to the different plasticization of the lyophilised mixtures there were samples in the glassy and also in the rubbery state during the stability testing. Decreased stability was observed with increased glycerol but similar water content indicating that reduced T~g~ adversely affected the chemical stability of the peptide even if the water content was not significantly different. It was also showed that the deamidation of the investigated peptide samples was differently affected by water in the glassy and in the rubbery state. Along with increasing water content, in the glassy state of similar T~g~ values the degradation rate constants of samples also increased, while in the case of samples in the rubbery state only the T~g~ determined the rate constant.\[[@ref34]\] Consequently, water induced degradation mechanisms in pharmaceuticals could be explained by the role of water as direct participant in chemical reactions but also by its plasticizing effect that can change the properties of the entire complex delivery system (e.g., molecular mobility, free volume, polymer chain conformation, etc.).

The molecular mobility often plays an important role in the degradation rate. Along with the glassy-to-rubbery transition of an amorphous material the molecular mobility of the system change therefore the T~g~ value of the material could play an important role from the point of chemical stability. In fact, both degradation of various small molecules and aggregation of proteins showed change in the slope of the temperature dependence of the degradation rate around T~g~, indicating a non-Arrhenius like behaviour in this temperature range.\[[@ref11]\]

Besides the chemical stability, residual water could affect a range of parameters that are important in view of quality, safety, and efficacy of pharmaceuticals. Moisture content of starch excipients has a great importance during tablet compaction. Optimum water content could enhance both the plastic deformation of the particles and the compressibility.\[[@ref35]\]

Mihranyan *et al*. examined the influence of the properties of cellulose powders on the moisture-induced degradation of acetylsalicylic acid (ASA). Different grades of cellulose powders were used of various crystallinity, specific surface area, and moisture absorption. The crystallinity and water content of the excipients had a great influence on the degradation rate, the cellulose powder of the lowest crystallinity (and consequently of highest moisture absorption and content) provided the highest stability of the drug. On the other hand, highest instability was observed in the case of cellulose sample of highest crystallinity and specific surface area but of low hygroscopicity, despite the hydrolytic mechanism of ASA degradation. The authors concluded that, the location and availability of sorbed moisture was more important than the overall water content of the system.\[[@ref36]\]

Water content of amorphous or partially amorphous hydrophilic polymers has a great importance during tableting processes, because the properties of these pharmaceutical excipients could markedly change due to the plasticizing effect of water. Minimum water content is essential for direct compaction of starch-based materials, because water could provide good compressibility and plastic deformation of particles. Steendam *et al*. investigated the behaviour of amylodextrin in the 0.07 \< x~w~ \< 0.4 moisture fraction (x~w~) range. The T~g~ of amylodextrin-water blends was equal to room temperature at 0.19 moisture fraction determined by DSC. Plasticizing effects of water on amylodextrin compacts was evaluated by compressive stress-strain experiments. The elastic modulus of the system steeply decreased between x~w~= 0.17 and 0.23 that was in accordance with the glassy-to-rubbery transition of the material of 0.19 x~w~ at room temperature. The compressibility of powder was also markedly changed in the rubbery state.\[[@ref37]\]

Absorbed water could change the free volumes of moisture sensitive excipients in dosage forms.

The effect of free volume changes during storage at high relative humidity values on drug release characteristics was studied on tablets.\[[@ref38][@ref39]\] The release rate of theophylline, a crystalline non-hygroscopic drug from wet-granulated tablets containing amorphous PVP as binder was greatly affected by storage conditions, showed by Zelkó and Süvegh. Storage of the excipient at 65% RH for 30 days induced a glassy-to-rubbery transition and according to PALS measurements this relative humidity value and the consequent water sorption was high enough to the phase transition.\[[@ref38][@ref40]\] The structural changes of the binder began at 65% RH also affected the properties of the tablets and the release of the drug was slightly retarded. At 75% RH, where the complete transition of the binder occurred, the mean release time of theophylline was reduced to the half of the original value due to the large scale changes of the binder molecules.\[[@ref38][@ref41]\]

Polymeric excipient molecules with polar groups are able to form hydrogen bonds with drug molecules during tablet preparation and dissolution. Szente *et al*. investigated the interaction of metronidazole with carbomer excipient (Carbopol^®^) using FTIR spectroscopy and *ab initio* computational calculations. Based on these calculations it could be expected that a special arrangement could occur between Carbopol^®^ and metronidazole with relatively high hydrogen-bonding energy. It was observed that after two-week of storage of the tablets at 75% RH the dissolution profile was markedly changed. The authors concluded that absorbed water molecules were able to break the bonds between metronidazole and excipient molecules inducing faster release of drug molecules.\[[@ref39]\]

In the case of protein-containing inhalation powders the relative humidity of storage conditions has also a great importance. The storage environment of inhalation powders could affect the physical stability of the dosage form and the chemical stability of the API, as well. Maa *et al*. investigated the physical stability of protein preparations blended with lactose carrier and they found that it was less affected after exposure to different relative humidity circumstances. However, the protein preparations were hygroscopic and its chemical stability was largely affected by storage conditions. It was found that the aggregation of the anti-IgE antibody preparation was increased with increasing relative humidity and at higher temperatures the effect of environmental relative humidity was more pronounced on the aggregation rate than at lower temperatures.\[[@ref42]\] In the case of inhalation powders the storage conditions must be well-defined, since even if the carrier excipient is not hygroscopic and the physical stability of the product is maintained, the drug molecules could decompose induced by water if the active part of the formulation is able to absorb moisture.
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